Purpose. To assess clinical and radiological results of combined pelvic osteotomy (CPO) for deformed dysplastic acetabula. Methods. Nine girls and 3 boys, aged 28 to 54 months, underwent CPO (combination of innominate osteotomy and Lance acetabuloplasty) to restore both the original shape and the mal-alignment of the acetabulum. They were followed up for at least 5 years. Results. All patients attained concentric stable reduction with good acetabular cover. Conclusion. CPO corrected both deformed and dysplastic acetabula and prevented postoperative subluxation.
INTRODUCTION
Kuwaitis have a very high incidence of developmental dysplasia of the hip, including late presentation. 1 Some are subluxations with bipartite acetabula comprising inner and outer parts. The latter appears to be caused by pressure from the subluxating femoral head on the laterosuperior part of the true acetabulum. The outer part has hyaline cartilage and its margin is the labrum acetabuli. Thus it can be easily distinguished from the false acetabulum. Reconstruction is difficult; treatment is surgical and involves open reduction, acetabuloplasty and either femoral or innominate osteotomy. A single pelvic procedure does not address all problems. Extracapsular shelf plasty or innominate osteotomy alone risks the reduced head slipping back into the outer part of the socket. Acetabuloplasty restores the spherical shape of the socket but leaves the dysplastic socket malaligned and may result in dysplasia due to growth damage. Therefore, a new technique combining the Lance acetabuloplasty and modified innominate osteotomy-combined pelvic osteotomy (CPO)-has been developed.
MATERIALS AND METHODS
Nine girls and 3 boys (10 with unilateral and 2 with bilateral disorder) aged 28 to 54 (mean, 38) months underwent CPO between 1999 and 2001. Their follow-up period ranged from 60 to 84 months. In very young children, the deformity is still reversible and may remodel after innominate osteotomy alone ( Fig. 1 ). In children aged above 2 years, the bipartite acetabulum is usually visible on plain radiograph or intra-operatively ( Figs. 2a and 2b) . Even after open reduction and innominate osteotomy, the femoral head may slip into the outer part of the socket, reducing the chance for spontaneous correction of the deformed socket by continual pressure of the femoral head towards its outer part ( Fig. 2c ). On the contrary, spontaneous correction of the anteverted proximal femur can be expected after providing the hip with complete congruent cover. Therefore, in our patients no femoral osteotomy was performed to correct increased anteversion or valgosity. All hips were assessed clinically according to the McKay classification 2 (Table 1) and radiologically according to the modified Severin classification 3 ( Table 2) .
Technique
The child was placed supine with a sandbag behind the buttock. After preliminary open adductor tenotomy, the hip was exposed through a Salter approach, splitting the iliac apophysis and stripping the ilium on both sides to the sciatic notch. On the lateral side, the rectus femoris tendon was temporarily divided and the reflected head used as a guide to the edge of the acetabulum. The capsule was opened and the socket defined and cleaned. The transverse ligament and inferior capsule were divided and the ligament teres excised. Lance acetabuloplasty 4 was performed by turning down the osteochondral roof of the outer part of the socket. The osteochondral margin was defined, and the plane was developed as far as the border between inner and outer parts of the socket using a periosteal elevator. The use of a periosteal elevator instead of a sharp chisel enabled definition of the proper plane for release of the osteochondral roof by blunt dissection. The down-turned thin layer of iliac bone with its acetabular cartilage restored the spherical shape of the whole socket, and was held in place by small pieces of bone graft from the ilium (Fig. 3 ). After confirmation of congruent reduction, a modified innominate osteotomy 1 was carried out (Fig.  4) , followed by capsulorrhaphy. After wound closure, a plaster spica cast was applied with the hip in 30º abduction, 20º flexion, and 15º internal rotation. The cast was replaced at 6 weeks by broomstick plasters for a further 4 weeks, at which time the child was allowed to mobilise.
RESULTS
Concentric reduction with excellent cover was achieved in all patients ( Table 3 ). All hips attained excellent clinical outcomes. 11 attained grade-I ( Fig. 5 ) and one attained grade-II radiological outcomes. In the latter patient, there was a mild deformity of the femoral head caused by ischaemia, and possible delayed growth of the acetabular rim. However, femoral head cover was sufficient at 5 years postoperatively ( Fig. 6 ), very likely because of the concomitant innominate osteotomy. In no patient was there evidence of ischaemic change on the acetabular side.
DISCUSSION
In children aged 18 months to 6 years, surgical treatment of acetabular dysplasia entails the Salter or Pemberton osteotomy, according to the shape of the acetabulum, especially the length of the iliac part. 1, 2 The Salter osteotomy is suitable for an acetabulum with a short iliac part and an acetabular angle of up to 35º, whereas the Pemberton acetabuloplasty is suitable for an acetabulum with a long iliac part and an acetabular angle of up to 50º. [5] [6] [7] The pressure from the subluxated head causes deformity of the outer part of the acetabulum. This should be corrected before addressing mal-alignment of the acetabulum. If it is not dealt with, even after femoral and pelvic osteotomy, the femoral head may slide into the deformed outer part of the acetabulum. The resulting recurrent subluxations and necessary revisions may be complicated by ischaemic necrosis of the femoral head. 8, 9 In this difficult group of patients, treatment has to satisfy 3 criteria, namely open reduction, satisfactory congruent acetabular cover, and realignment of the socket. CPO addresses the latter 2 at the same time, by combining 2 different pelvic osteotomies. These are far enough apart to prevent ischaemic changes of the iliac bone.
Good clinical results have been reported in 10 children aged over 4 years with femoral head subluxation following open reduction and varus derotation femoral osteotomy combined with a Salter or Pemberton osteotomy. 10 However, in 3 cases the combined surgeries were not enough to stabilise the hip joint as illustrated by residual subluxation of the femoral head in the outer part of the acetabulum.
The upper age limit for innominate osteotomy is about 6 years. 7 The remodelling potential of the proximal femur is minimal after this age. 11 Therefore a combination of femoral osteotomy and acetabuloplasty is more appropriate for children aged above 6 years, below which CPO without femoral osteotomy is recommended.
The distance of the osteotomy from the articular cartilage differs according to different authors, but may be hypothetical, as part of surgery is performed blindly. In CPO, the Lance acetabuloplasty to restore a spherical shape is performed for the area of the upper deformed part only, which is half or less than that of the iliac part of the acetabulum. When the Lance acetabuloplasty alone was performed, acetabular dysplasia was noted in 35% of patients at 3 years and 51% at 11 years. 12 This may be due to damage to the ossa acetabuli-the ossification centres necessary for later development of the acetabular rim. The Salter osteotomy was therefore suggested as an alternative. 12 The Salter osteotomy is contraindicated if the Lance acetabuloplasty to restore the acetabular shape is not performed. 7 In our patients, there was no acetabular dysplasia at 5-year follow-up. CPO appears to prevent insufficient cover of femoral head due to a dysplastic acetabulum with damaged ossa acetabuli.
In the worst-case scenario of complete growth arrest of the acetabular rim, the dysplastic but congruent joint can be treated later by shelf arthroplasty or realignment osteotomy. This is expected to give a better prognosis for the hip joint than permanent subluxation of the femoral head in a deformed acetabulum. 10
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